Introduction
The US Food and Drug Administration approved the intravenous use of recombinant tissue plasminogen activator (rt-PA) alteplase for the treatment of acute ischemic stroke in 1996, and since then, this has been the only drug approved in this indication, and it is recommended as first-line treatment by most stroke associations worldwide. [1] [2] [3] [4] [5] [6] Nonetheless, concerns remain regarding the safety of this drug in routine clinical use. 2 For various reasons, only a small proportion of patients with ischemic stroke have been treated using alteplase. Therefore, little information is available about its side effects.
It is well known that thrombolysis as treatment for ischemic stroke is associated with an increased risk of symptomatic intracranial hemorrhage. 2 However, it is difficult to compare the incidence of this complication between studies, because different definitions of intracranial hemorrhage have been adopted by different investigators. In the present study, symptomatic intracranial hemorrhage is defined as a typical homogeneous, hyperdense lesion with a sharp border with or without edema or mass effect within the brain.
The aim of this retrospective study was to report our experience with rt-PA treatment for stroke patients in a subunit of the department of internal medicine of a medium-sized hospital responsible for treating such patients. For this purpose, recent trends in the use of alteplase in a peripheral hospital with a small stroke unit were examined. The incidence of complications due to treatment with alteplase was determined and compared with that reported previously. Because of the broad scope of this study, its results, combined with those of previous studies, may offer novel insights into the effects of treatment with alteplase.
Materials and methods study groups and patient data
This was a retrospective cohort study of patients with acute ischemic stroke who underwent thrombolysis with alteplase between 2007 and 2011. It was conducted in a small stroke subunit at the department of internal medicine in Vinzentius Hospital, a medium-sized 400-bed acute general hospital in Landau, Germany. The study group included all patients with acute ischemic stroke who were thrombolysed with intravenous alteplase and experienced complications due to this treatment. Results in this group of patients were compared with those from a control group, comprising patients with acute ischemic stroke who received the same treatment but experienced no complications. Head scanning using computed tomography or magnetic resonance imaging was conducted for all patients. Those with contraindications before thrombolysis were excluded. In all cases, intravenous alteplase (0.9 mg/kg) was administered within the recommended time frame, ie, 3 hours from the onset of neurological symptoms. The patients remained under around-the-clock supervision by highly trained nurses. The doctor in charge assessed stroke severity using the National Institutes of Health Stroke Survey (NIHSS) score. For all stroke patients, the modified Rankin Scale score and the Barthel activities of daily living index were also determined by well trained nurses before the event, 24 hours thereafter, and before discharge. All patient data, including demographics, medical history, recorded onset time of stroke symptoms, last known symptom-free time point, time of arrival at the hospital, inhospital diagnostic results, treatments and procedures, rehabilitation, discharge treatments and counseling, rt-PA treatment initiation time, complications, inhospital mortality, and discharge destination, were recorded by trained hospital personnel. Heart rate, blood pressure, electrocardiography results, blood glucose levels, hematocrit, blood clotting, kidney functions, and blood lipid levels, were also included in the patient records, if available. The anatomical location of the acute ischemic insult was classified according to the Oxford Community Stroke Project classification. Using all these parameters, clinical symptoms were compared between the test and control groups. Further, the use of aspirin before the event and secondary prevention medication against a recurrent stroke was evaluated. The cardiovascular risk factors examined included elevated blood pressure, diabetes mellitus, hypercholesterolemia, hypertriglyceridemia, obesity, and smoking. Comorbidities and the length of the hospital stay were also compared between the groups. A major adverse cardiac event was defined as death, a previous history of stroke, or myocardial infarction.
statistical analysis
The odds ratio (OR) was calculated for the complications on treatment with alteplase, ie, cerebral hemorrhage, orolingual angioedema, or hematoma on the right arm. The Chi-square test was used to compare paired parameters among gender distribution in neurological symptoms, heart rhythm, cardiovascular risk factors; physical, speech, mobilization, antiplatelet and anticoagulant medical treatment therapy; persistence and duration of symptoms until 60 minutes and longer than 24 hours; rehabilitation; and comorbidities in both groups. The confidence interval (CI) of a proportion was calculated for the number of patients with intracerebral hemorrhage after treatment through alteplase for acute ischemic stroke. A one-sample t-test with 4 degrees of freedom against the mean was used to compare the therapeutic trends and number of times thrombolytic therapy was administered to patients hospitalized for stroke investigation between the test and control groups. Friedman's test was used to compare the complication rate with alteplase treatment. The MannWhitney U test was used to compare the total number of neurological symptoms diagnosed, vital and laboratory parameters, NIHSS score, onset time, number of cardiovascular risk factors diagnosed, length of hospital stay, and total number of comorbidities diagnosed. The survival rate for both groups was calculated using the Kaplan-Meier method. Data normality was assessed using the Kolmogorov-Smirnov test. P , 0.05 was considered to be statistically significant. Results involving the mean and standard deviation (SD) are shown as such.
Results
In total, 1017 patients were admitted for stroke evaluation to Vinzentius Hospital between 2007 and 2011. Remarkably 
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Yayan (n = 1017) with acute ischemic stroke underwent thrombolysis with intravenous alteplase (5 ± 3 patients per year on average, P = 0.79). The mean number of patients hospitalized for stroke investigation per year was 203 ± 63, and no increase in this trend (P = 0.99) according to a one-sample t-test was found in these years ( Figure 1) . A significant difference was found (P , 0.01) in the number of thrombolysis treatments compared with the number of patients hospitalized for stroke investigation (Figure 1) .
The mean age of the study and control groups was 76.83 ± 8.998 and 66.82 ± 10.71 years, respectively. The Chi-square test showed no significant difference in the number of men and women who received intravenous thrombolytic treatment with alteplase (P = 0.56). This treatment was administered to four (66.67%) men in the study group (n = 6) and nine (52.94%) in the control group (n = 17), but to two women (33.33%) in the study group and eight women (47.06%) in the control group. Figure 2 shows the complications due to alteplase treatment. Friedman's test showed no statistically significant difference (P = 0.47) in the incidence of various complications, although intracerebral hemorrhage was the most common complication, observed in four (17.39%, 95% CI 1.9-32.88) patients (n = 23). Two patients had massive intracerebral bleeding, and two had minor secondary intracranial hemorrhage of 10 mm and 7 mm midline shift on cranial computed tomography. The OR compared with the control group was less for both cerebral hemorrhage (OR 0.0514, 95% CI 0.0021-1.2722, P = 0.07), as well as orolingual angioedema and hematoma on the right arm (OR 0.078, 95% CI 0.0003-0.2201, P = 0.004).
All patients underwent cranial computed tomography. Head magnetic resonance imaging was performed for three patients (50%) in the study group and 12 patients (70.59%) in the control group (P = 0.36). A significant difference was found in the number of neurological symptoms diagnosed (P = 0.01), and partial anterior circulation infarct was the most common radiological diagnosis on computed tomography or magnetic resonance imaging ( Table 1 ). The cause of acute cerebral ischemia was cardioembolism in four patients (66.67%) in the study group and five patients (29.41%) in the control group, and it was internal carotid artery stenosis in two patients (11.76%) in the control group. Further, the two groups differed statistically in terms of the presence of diabetes as a cardiovascular risk factor (P = 0.02, Table 2 ).
No statistically significant difference was found in vital and laboratory parameters between these groups (Table 3) . Similarly, no statistically significant difference was found in the antiplatelet anticoagulation medical treatments (Table 4) . Table 5 shows the results of the NIHSS score, Rankin Scale, and Barthel index; a statistically significant difference was found in Rankin Scale before discharge (P = 0.04) between the groups. Further, no statistical difference was found in rehabilitation, treatment on discharge, counseling (Table 6) group had a history of stroke (P = 0.96). Among the six patients in the study group, two patients (33.33%) died; thus, the probability of survival determined using the Kaplan-Meier method was 66.66% (95% CI 20.47-112.86).
In the control group as well, two of 17 patients (11.76%) died. Therefore, the probability of survival was 88.24% (95% CI 71.93-104.54). The probability of survival was not significantly different between the groups in this study (P = 0.23).
Discussion
The number of patients admitted to this hospital for stroke investigation remained mostly the same year by year, showing little variation over the 5 years of the test period. Thrombotic therapy with alteplase was administered to about five patients every year at this hospital. Although the efficacy of rt-PA for acute ischemic stroke has been demonstrated, less than 5% of qualifying patients actually receive rt-PA. 2 Epidemiological studies, mainly based on surveys conducted in western Europe, have shown that stroke is more common in men than in women, and that women become more severely ill after suffering a stroke. 7 The mismatch between the genders is much greater than that described previously. 7 In the present study as well, more men than and time lines (Table 7) , or in comorbidities between the groups ( Table 8 ). The average length of hospital stay was 17.67 ± 13.74 days in the study group and 8.29 ± 4.33 days in the control group. According to the Kolmogorov-Smirnov test, the length of hospital stay showed a normal distribution of 1.88 and 2.53 in the study and control groups, respectively, with a significant deviation of at least 99% from the normal distribution. The groups did not differ significantly in terms of length of hospital stay (P = 0.26).
In terms of major adverse cardiac events, one (16.67%) patient in the study group and three (17.65%) in the control submit your manuscript | www.dovepress.com
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In general, elderly patients with stroke have worse outcomes compared with their younger counterparts. 11 Stroke severity, concurrent medical problems, prestroke disability, and less aggressive acute and chronic management are a few factors contributing to this. 11 Acute thrombolysis is the only proven treatment for acute ischemic stroke. However, elderly patients have mostly been excluded from acute revascularization studies, mostly because of their overall poor prognosis and the risk of hemorrhagic complications from these treatments. 11 Despite this, there is no evidence to suggest that the risk-benefit ratio of thrombolysis is substantially different in the elderly than in younger ischemic stroke patients. 11 Therefore, patients who meet the eligibility criteria for thrombolysis should not be denied this therapy on the basis of age alone. 11 In the present study, although the complication rate among patients of advanced age was high, disease severity was also high in these patients.
The time interval between event occurrence and rt-PA administration was the same in this study as that in the study by Bergman et al carried out in a similar sized department of internal medicine subunit. 12 However, in their study, eight more patients were treated than in this study in the same time period. Further, the mean length of hospital stay in their study was the same as that for the control group in this study. Two of their patients died during hospitalization as a result women were affected by acute ischemic stroke, and the condition of the men was worse than that of the women, even after rt-PA treatment. Public concern about the high stroke-related morbidity, mortality, and disability levels has been increasing globally. During the last few decades, routine statistics for cerebrovascular disease mortality have presented different rates in Europe and countries peripheral to Europe. 8 Nonetheless, for both genders, markedly increasing rates have been noted, moving from west to east, with few exceptions. 8 In most western European countries, stroke mortality has decreased significantly in recent decades. 9, 10 In contrast, the mortality rate was high in the present study.
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of severe intracerebral hemorrhage, and three patients had minor hemorrhages detected on brain computed tomography.
The complication rate appears similar in both studies.
Several factors have been reported to explain the underuse of thrombolytic therapy for ischemic stroke, ie, the short therapeutic window, insufficient public awareness of stroke symptoms, the limited number of centers able to perform thrombolysis on a 24-hour basis, and the high risk of hemorrhagic complications. 13 In the present study, four patients had intracerebral hemorrhage. Intracerebral hemorrhage mostly occurs in the core of the infarcted area, suggesting that ischemic events play an important role in its occurrence.
14 A hemorrhagic transformation can occur spontaneously and sometimes during the early hours of a cerebral infarction. For obvious reasons, the hemorrhagic risk increases with administration of heparin or a thrombolytic agent. Low-dose heparin or complete heparinization is administered only after thrombolytic therapy in this hospital.
Many factors contribute to rt-PA-related intracranial hemorrhage, including age, hypertension, diabetes mellitus, or cerebral amyloid angiopathy, extent of early ischemic signs shown on brain computed tomography or volume of cerebral ischemic lesions on diffusion-weighted magnetic resonance imaging, and the presence of leukoaraiosis. [15] [16] [17] [18] Many patients in both groups in this study had high blood pressure and diabetes, and blood pressure increased after thrombolysis in many patients.
A long door-to-needle time has also been shown to be associated with higher rates of intracranial hemorrhage. 19 However, most studies have not identified time to initiation of thrombolytic treatment as an independent risk factor for intracranial hemorrhage via multivariate analysis, and a pooled analysis of studies failed to show an independent association between timing of rt-PA administration and risk of cerebral hemorrhage. 19 The time intervals between occurrence of the event and admission and that between admission and the start of lysis were not too long in either group in this study.
The initial trials on rt-PA therapy have provided evidence that higher doses of lytic agents are associated with higher rates of intracranial hemorrhage. 20 Therefore, in this study, the dose was limited to 0.9 mg/kg up to a maximum of 90 mg. Thus, only the recommended dose of alteplase was used for patients in this study.
Many authors have shown an association between the baseline stroke severity and hemorrhagic risk after thrombolysis. 21, 22 The NINDS (National Institute of Neurological Disorders and Stroke) study showed that patients with a baseline NIHSS score of 20 were 11 times more likely to experience intracranial hemorrhage than those with a score of 5.25. The Multicentre rt-PA Acute Stroke Survey also showed that the NIHSS score was an independent marker of intracranial hemorrhage, with an odds ratio 22 On the basis of these results, in some countries, an NIHSS score of 25 is considered a contraindication to alteplase treatment. In contrast with the NINDS study, Sylaja et al did not find a significant association between the severity of neurological deficit at baseline and an increased risk of intracranial hemorrhage. 23 Moreover, ECASS 19 (European Cooperative Acute Stroke Study) I showed that severity of neurological deficit at admission was a risk factor for hemorrhagic transformation and not parenchymal hematoma. In this study, the mean NIHSS score was 22.33 in the study group, which experienced complications caused by alteplase treatment, and 14.06 in the control group. Thus, stroke severity and high NIHSS values can be suspected to be associated with high rates of complications due to alteplase treatment.
It is well known that patients with hyperglycemia have poorer outcomes than those with normal blood glucose levels at presentation. 24 Studies, including those on humans, indicate that hyperglycemia predicts higher stroke mortality independently of stroke severity, stroke type, or age. These data suggest that hyperglycemia contributes directly to poor outcomes by exacerbating acute brain injury. [25] [26] [27] Alternatively, it has been proposed that hyperglycemia is simply a bystander phenomenon, a catecholamine-based stress response to a severe stroke, which may not play a direct causative role in the poor prognosis observed for these patients. [28] [29] [30] In the present study, the blood sugar level was high (.200 mg/dL) in two patients in each group, and it further increased in three patients in the control group at admission. Five patients each in the two groups had diabetes mellitus. Several studies have shown the influence of baseline hyperglycemia on the risk of intracerebral hemorrhage after thrombolysis. [31] [32] [33] In a study published in 1999, patients with a blood sugar level $ 200 mg/dL on admission showed a symptomatic hematoma rate of 25% after treatment with rt-PA. 32 A previous study showed that the effect of statin therapy on stroke outcome did not play a role in stroke recovery or consequent long-term prognosis. 34 In this study, all surviving patients were treated with statins for secondary prevention of recurrent strokes.
Antiplatelet agents yield a small but significant benefit in the long-term functional outcome and survival of stroke patients, and they have become the standard treatment for acute ischemic stroke. 35 Anticoagulants are often used as an alternative, despite evidence that they are ineffective in providing long-term benefits, and they offer no net advantages over antiplatelet agents in acute ischemic stroke. 35 In a previous subgroup analysis, the combination of low-dose unfractionated heparin and aspirin showed better results than 35 Most patients in both groups in this study had received aspirin before alteplase treatment. Aspirin or clopidogrel (Plavix ® , sanofi aventis, Paris, France), in addition to dipyridamole and acetylsalicylic acid (Aggrenox ® ; Boehringer Ingelheim, Ingelheim, Germany), was also prescribed at discharge for secondary stroke prevention.
Conclusion
Although alteplase remained as the only therapy for the treatment of acute ischemic stroke, intracranial hemorrhage is common. However, the complication rate was statistically low during the treatment of acute ischemic stroke with alteplase in this study. The stroke incidence and number of patients treated with alteplase has not increased in the last few years. The results of the present study showed that stroke severity and high NIHSS values may be associated with high complication rates after alteplase treatment. The predictive value of these factors should be explored in future studies.
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